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SINGLE-STROBE OPERATION OF MEMORY 
DEVICES 

FIELD 

[0001] The present application relates generally to a con 
troller and at least one controlled memory device and, more 
speci?cally, to methods and apparatus adapting the controller 
and the memory device to a single-strobe mode of operation. 

BACKGROUND 

[0002] In a typical electronic memory arrangement, read 
ing from and Writing to several memory devices is organized 
by a controller. Double-data-rate synchronous dynamic ran 
dom access memory (DDR SDRAM) is an example of such 
an arrangement. For a Write operation, the controller places 
data on a data bus While indicating, on a command bus, a Write 
command, and indicating, on an address bus, a location on the 
particular memory device at Which the data is to be stored. For 
a read operation, the controller indicates, on the command 
bus, a read command, and indicates, on an address bus, a 
location on the particular memory device from Which the data 
is to be read. The memory device responds to the read com 
mand and address by placing the requested read data on the 
data bus. 
[0003] In contrast, in an alternative electronic memory 
arrangement, memory devices are arranged in a ring or loop. 
Rather than a data bus accessed in parallel, there is a series 
data connection betWeen a controller and a ?rst memory 
device in the ring. The data connection may, for example, be 
a multibit bus. A data signal received at the ?rst memory 
device on the data connection is passed on to a second 
memory device on an other data connection and a data signal 
received at the second memory device on the other data con 
nection is passed on to a third memory device on a further data 
connection, etc. Thus, the data signal propagates around the 
ring until the data signal is returned to the controller. In 
addition to the data signal propagating through the ring, there 
are additional signals also propagating through the ring: a 
Command Strobe signal; and a Data Strobe signal. 
[0004] For a Write operation, the controller causes the Com 
mand Strobe signal to transition from “0” to “l” to indicate 
the start of a Command and Write Data Packet. Simulta 
neously, the controller starts to transmit, on the data connec 
tion, a Command and Write Data Packet that includes: a Write 
command indicating a particular memory device and address 
to Which data is to be Written folloWed by the data that is to be 
Written. The controller then causes the Command Strobe sig 
nal to transition from “1” to “0” to indicate the end of the 
Command and Write Data Packet. 
[0005] For a read operation, the controller causes the Data 
Strobe signal to transition from “0” to “l” to indicate the start 
of a Read Data Packet. Simultaneously, the controller starts to 
transmit, on the data connection, a read data packet that 
includes: a read command indicating a particular memory 
device and address from Which the data is to be read. The 
controller then causes the Command Strobe signal to transi 
tion from “1” to “0” to indicate the end of the Read Data 
Packet. Subsequently, the controller causes the Data Strobe 
signal to transition from “0” to “l” to indicate, to the particu 
lar memory device, that the requested read data is be trans 
mitted on the data connection. 

[0006] In the ring arrangement, a read command primes a 
memory device for a read data transfer. The length of a read is 
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arbitrary and interruptible since the end of the read data 
transfer operation is determined by a transition of the Data 
Strobe signal from “1” to “0”. Similarly, the length of a Write 
is arbitrary and interruptible since the end of the Write data 
transfer operation is determined by a transition of the Com 
mand Strobe signal from “1” to “0”. 
[0007] As discussed, When memory devices are arranged in 
a ring, packets originate at a controller and How unidirection 
ally through a ring of memory devices and back to the con 
troller. Different con?gurations are possible based on either 
distributing a clock in parallel or sourcing the clock synchro 
nously along With the data and strobes. The second con?gu 
ration has more pin overhead than the ?rst con?guration 
based on extra differential clock output pins. 
[0008] Pin overhead continues to be a carefully monitored 
quality of interfaces betWeen devices, such as the interface 
betWeen the controller and the ?rst memory device or 
betWeen memory devices, With a loWer pin overhead being 
desirable. That is, it is desirable to reduce the ratio of control 
pins to data pins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Reference Will noW be made to the draWings, Which 
shoW by Way of example, embodiments of the invention, and 
in Which: 
[0010] FIG. 1 illustrates a ring arrangement of memory 
devices con?gured for parallel clock distribution; 
[0011] FIG. 2 illustrates a timing diagram for Command 
and Write Data Packet timing for the arrangement of FIG. 1; 
[0012] FIG. 3 illustrates a timing diagram for a Read Data 
Packet timing for the arrangement of FIG. 1; 
[0013] FIG. 4 illustrates an arrangement of memory 
devices con?gured for parallel clock distribution according to 
example embodiments; 
[0014] FIG. 5 illustrates a memory device for use in the 
arrangement of FIG. 4 according to example embodiments; 
[0015] FIG. 6 illustrates a packet header decoder for use in 
the memory device of FIG. 5 according to example embodi 
ments; 
[0016] FIG. 7 illustrates a ?rst pulse generator for use in the 
packet header decoder of FIG. 6 according to example 
embodiments; 
[0017] FIG. 8 illustrates a second pulse generator for use in 
the packet header decoder of FIG. 6 according to example 
embodiments; 
[0018] FIG. 9 illustrates a strobe generator for use in the 
packet header decoder of FIG. 6 according to example 
embodiments; 
[0019] FIG. 10 illustrates a timing diagram for the ?rst 
pulse generator of FIG. 7; 
[0020] FIG. 11 illustrates a timing diagram for the strobe 
generator of FIG. 9; 
[0021] FIG. 12 illustrates a timing diagram for the handling 
of a Command and Write Data Packet by the memory device 
of FIG. 5; and 
[0022] FIG. 13 illustrates a timing diagram for the handling 
of a Read Data Packet by the memory device of FIG. 5. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0023] The total number of signal inputs (e.g., pins) on a 
semiconductor memory device may be reduced through the 
use of a unique interface design. Operation With only one 
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strobe signal pin may be accomplished, Without reducing 
functionality, through the transmission of a primary packet 
that includes a “packet header” and a payload, Where the 
packet header contains encoded information about the type of 
the payload. the payload, may, for instance, be a secondary 
packet, e.g., the original packet that Would have been trans 
mitted in a system using more than one strobe. 

[0024] The inclusion of information about the type of the 
payload, as encoded in this packet header, facilitates opera 
tion of the device With only one strobe signal, Where, before, 
more than one strobe signal Was necessary. Previously, each 
function or type of command has been associated With a 
distinct strobe signal. Aspects of the present application relate 
to Wrapping a traditional memory device With logic devices, 
Where the logic devices handle the single strobe and the 
packet header, thereby permitting single strobe operation. 
[0025] In accordance With an example embodiment, there 
is provided a method of controlling a memory device. The 
method includes transmitting a strobe signal delimiting a 
primary packet and concurrently transmitting said primary 
packet on a data bus, the primary packet including a packet 
header folloWed by a payload, the packet header indicating a 
type to be associated With the payload. In other example 
embodiments, a memory device controller is provided for 
carrying out this method and a computer readable medium is 
provided for adapting a memory device controller to carry out 
this method. 

[0026] In accordance With an example embodiment, there 
is provided a memory device. The memory device includes an 
internal memory device and a packet header decoder. The 
internal memory device includes a plurality of data bus inputs 
for receiving a signal on a data bus, a ?rst strobe input for 
receiving a ?rst strobe signal indicating that the signal on the 
data bus relates to a ?rst type of packet and a second strobe 
input for receiving a second strobe signal indicating that the 
signal on the data bus relates to a second type of packet. The 
packet header decoder includes a clock input for receiving a 
system clock signal, an inverse clock input for receiving an 
inverse system clock signal, a data bus input for receiving a 
portion of the signal on the data bus, a third strobe input for 
receiving a third strobe signal, a pulse generator for generat 
ing a fourth strobe signal based on the inverse system clock 
signal and the third strobe signal and a strobe generator for 
generating one of the ?rst strobe signal and the second strobe 
signal based on: the system clock signal; the portion of the 
signal on the data bus; and the fourth strobe signal. 
[0027] In accordance With an example embodiment, there 
is provided a memory arrangement. The memory arrange 
ment including a memory controller and a memory device. 
The memory controller includes a strobe output for transmit 
ting a third strobe signal delimiting a primary packet and a 
plurality of data bus outputs for transmitting the primary 
packet on a data bus, the primary packet including a packet 
header folloWed by a payload, the packet header indicating a 
type to be associated With the payload. The memory device 
includes an internal memory device and a packet header 
decoder. The internal memory device includes a plurality of 
data bus inputs for receiving the primary packet on the data 
bus, a ?rst strobe input for receiving a ?rst strobe signal 
indicating that the signal on the data bus relates to a ?rst type 
of packet and a second strobe input for receiving a second 
strobe signal indicating that the signal on the data bus relates 
to a second type of packet. The packet header decoder 
includes a clock input for receiving a system clock signal, an 
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inverse clock input for receiving an inverse system clock 
signal, a data bus input for receiving a portion of the primary 
packet on the data bus, a third strobe input for receiving the 
third strobe signal, a pulse generator for generating a fourth 
strobe signal based on the inverse system clock signal and the 
third strobe signal and a strobe generator for generating one of 
the ?rst strobe signal and the second strobe signal based on: 
the system clock signal; the portion of the primary packet on 
the data bus; and the fourth strobe signal. 

[0028] In an arrangement 100 illustrated in FIG. 1, a ?rst 
memory device 104A, a second memory device 104B and a 
third memory device 104C (collectively or individually 104) 
are in a ring or loop arrangement. Operation of the memory 
devices 104 for Writing or reading is organiZed by a controller 
102. The controller 102 may, as is typical, include a processor 
(not shoWn) and the processor may be provided With com 
puter readable instructions for executing methods exemplary 
of the present application from a softWare medium (not 
shoWn) Which could be a disk, a tape, a chip, a ?ash memory 
card or a random access memory containing a ?le doWn 
loaded from a remote source. 

[0029] The controller 102 is connected to the ?rst memory 
device 104A by Way of a Command Strobe Line, a Data 
Strobe Line and a data bus. Similarly, the ?rst memory device 
104A is connected to the second memory device 104B by Way 
of a Command Strobe Line, a Data Strobe Line and a data bus. 
It folloWs that the second memory device 104B is connected 
to the third memory device 104C by Way of a Command 
Strobe Line, a Data Strobe Line and a data bus. Finally, the 
third memory device 104C is connected to the controller 102 
by Way of a Command Strobe Line, a Data Strobe Line and a 
data bus. The controller 102 is also connected to each of the 
memory devices 104, in parallel, by a Reset line, a Chip 
Enable line, a Clock line and an inverse Clock line. 

[0030] In a timing diagram 200 in FIG. 2, “Command and 
Write Data Packet” timing is illustrated for the arrangement 
100 of FIG. 1. Inputs to the memory device 104 on the 
(possibly multibit) data bus may be representative of a com 
mand, representative of data, representative of a target device 
address, or representative of an address Within the memory 
device. Inputs on the data bus may be captured (shifted in to 
registers) on the crossing of the signal on the System Clock 
line (CK) With the signal on the Inverted System Clock line 
(CK#) When the signal on the Chip Enable (CE#) line is at a 
logical LOW and the signal on the Command Strobe line 
(received at the CSI pin) is at a logical HIGH. 
[0031] In a timing diagram 300 in FIG. 3, “Read Data 
Packet” timing is illustrated for the arrangement 100 of FIG. 
1. Output on the data bus may be synchronously shifted out at 
the crossing of the signal on the System Clock line (CK) With 
the signal on the Inverted System Clock line (CK#) When the 
signal on the Chip Enable (CE#) line is at a logical LOW and 
the signal on the Data Strobe line (received at the Data Strobe 
In, “DSI”, pin) is at a logical HIGH. There is a ?xed latency 
in the memory from the time the logical HIGH on the DSI pin 
is received and When a logical HIGH on the DSO pin and the 
accompanying read data are output. 

[0032] In an arrangement 400 illustrated in FIG. 4, a ?rst 
memory device 404A, a second memory device 404B and a 
third memory device 404C (collectively or individually 404) 
are in a ring or loop arrangement. Operation of the memory 
devices 404 for Writing or reading is organiZed by a controller 
402. 
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[0033] The controller 402 is connected to the ?rst memory 
device 404A by Way of a unidirectional, point-to-point data 
bus and a Command/Data Strobe line. Similarly, the ?rst 
memory device 404A is connected to the second memory 
device 404B by Way of a unidirectional, point-to-point data 
bus and a Command/Data Strobe line. It folloWs that the 
second memory device 404B is connected to the third 
memory device 404C by Way of a unidirectional, point-to 
point data bus and a Command/Data Strobe line. Finally, the 
third memory device 404C is connected to the controller 402 
by Way of a unidirectional, point-to-point data bus and a 
Command/Data Strobe line. The controller 402 is also con 
nected to each of the memory devices 404, in parallel, by a 
Reset line, a Chip Enable line, a Clock line and an inverse 
Clock line. 
[0034] FIG. 5 illustrates an example structure for the ?rst 
memory device 404A and, correspondingly, the other 
memory devices 404. In particular, the ?rst memory device 
404A includes a traditional memory device 504, such as the 
?rst memory device 104A used in the memory device 
arrangement 100 of FIG. 1. Positioned betWeen the tradi 
tional memory device 504 and an input pin interface is a 
packet header decoder 506. The packet header decoder 506 
receives input from the CDSI pin, the data bus pins (D[0:n]) 
and the inverted system clock pin (CK#). The traditional 
memory device 504 receives input in the form of either a 
command strobe or a data strobe from the packet header 
decoder 506 and receives input from the data bus pins (D[O: 
n]). 
[0035] FIG. 6 illustrates an example structure for the packet 
header decoder 506 of FIG. 5 as including a strobe generator 
604 and a pulse generator 606. The strobe generator 604 
receives input from the CDSI pin, from the least signi?cant 
data bus pin (D[0]) of the data bus pins (D[0:n]) and from the 
pulse generator 606. Note that the use of the least signi?cant 
data bus pin (D[0]) is representative of a one-bit packet header 
being employed to encode information to be used by the 
packet header decoder 506 to distinguish betWeen types of 
strobe signals. In an alternative embodiment, a different data 
bus pin (D[m], 0<m§n) may carry the one-bit packet header. 
From these inputs, the strobe generator 604 produces either 
the Cmd_Strobe signal or the Data_Strobe signal. The pulse 
generator 606 receives input from the CDSI pin and the 
inverted system clock pin (CK#) and generates a pulse, called 
“CDS_strobe” herein, for use by the strobe generator 604. 
The output iof the strobe generator 604, and, accordingly, 
the output of the packet header decoder 506, is either a Cmd_ 
Strobe signal or a Data_Strobe signal. 
[0036] Note that the packet header may be longer than one 
bit. In the current application, the packet header is distin 
guishing betWeen tWo strobes and need only by one bit. 
[0037] With a one-bit data bus, the packet header Will con 
tain tWo bits: a ?rst bit for the positive edge of the clock; and 
a second bit for the negative edge of the clock. The ?rst bit is 
the encoded bit for distinguishing betWeen tWo strobes and 
the second bit is a “don’t care” bit. Alternatively, the don’t 
care bit could be used to convey other information such as 
distinguishing betWeen a register read and a memory page 
read. 
[0038] With an eight-bit data bus, the packet header Will 
contain sixteenbits: a ?rst bit, of the eight bits available on the 
positive edge of the clock, being the encoded bit for distin 
guishing betWeen tWo strobes; the remaining seven bits of the 
eight bits available on the positive edge of the clock, being 
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don’t care bits; and eight don’t care bits available on the 
negative edge of the clock. accordingly, there are 15 don’t 
care bits that could be used to transfer encoded information 
regarding additional parameters. Using the don’t care bits, it 
becomes possible to insert a portion of the payload into the 
packet header. Example contents may include the Device 
Address (DA) thereby alloWing for early decoding. 
[0039] It should be clear that, if more than tWo strobes Were 
to be distinguished, more than one bit, of the bits available in 
the packet header, Would be used for such distinguishing. 
[0040] FIG. 7 illustrates a ?rst example structure 606A for 
the pulse generator 606 of FIG. 6. As illustrated in FIG. 6, the 
?rst example pulse generator 606A is implemented as an edge 
detection circuit based on a positive-edge-triggered ?ip-?op 
702 clocked off of the inverted system clock. In particular, the 
positive-edge-triggered ?ip-?op 702 receives input from the 
CDSI pin at a “D” input and the inverted system clock at a 
clock input. The positive-edge-triggered ?ip-?op 702 pro 
duces an output Q and an inverted output AnAND gate 704 
receives input from the CDSI pin and input from the inverted 
output Q of the positive-edge-triggered ?ip-?op 702. The 
output of the AND gate 704, and, accordingly, the output of 
the ?rst example structure 606A for the pulse generator 606, 
is the internal strobe signal CDS_strobe. 
[0041] As Will be understood by those With standard 
knowledge in digital circuit design, due to an extra level of 
logic having been added to the input to the memory device 
504, the controller 102 may be arranged to provide enough 
setup time for the strobe generator 604 to latch the CDS_ 
strobe signal and generate either the Cmd_Strobe signal or 
the Data_Strobe signal. That is, all pins/logic have setup time 
requirements. 
[0042] FIG. 8 illustrates a second example structure 606B 
for the pulse generator 606 of FIG. 6. The second example 
pulse generator 606B is illustrated as implemented as an edge 
detection circuit based on a negative-edge-triggered ?ip-?op 
802 clocked off of the system clock. In particular, the nega 
tive-edge-triggered ?ip-?op 802 receives input from the 
CDSI pin at a “D” input and the system clock at a clock input. 
The negative-edge-triggered ?ip-?op 802 produces an output 
Q and an inverted output An AND gate 804 receives input 
from the CDSI pin and input from the inverted output of the 
negative-edge-triggered ?ip-?op 802. The output of the AND 
gate 804, and, accordingly, the output of the second example 
structure 606B for the pulse generator 606, is the internal 
strobe signal CDS_strobe. 
[0043] An example structure for the strobe generator 604 of 
FIG. 6 is illustrated in FIG. 9. The example strobe generator 
604 is illustrated as implemented as an edge detection circuit 
based on a positive-edge-triggered ?ip-?op 902 clocked off 
of the system clock. In particular, the positive-edge-triggered 
?ip-?op 902 receives input from the least signi?cant data bus 
pin (D[0]) at a “D” input and the system clock at a clock input. 
The positive-edge-triggered ?ip-?op 902 produces an output 
Q and an inverted output A command AND gate 904C 
receives input from the CDSI pin, from the CDS_strobe and 
from the output Q of the positive-edge-triggered ?ip-?op 902. 
The output of the command AND gate 904C is the command 
strobe signal Cmd_Strobe. A data AND gate 904D receives 
input from the CDSI pin, from the CDS_strobe and from the 
inverted output Q of the positive-edge-triggered ?ip -?op 902. 
The output of the data AND gate 904D is the data strobe 
signal Data_Strobe. 
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[0044] In overview, the memory device arrangement 400 of 
FIG. 4 provides an alternative to the memory device arrange 
ment 100 of FIG. 1. In particular, the memory device arrange 
ment 400 of FIG. 4 provides a reduced pin count interface 
betWeen the controller 402 and the ?rst memory device 404A 
and betWeen successive memory devices 404. Use, by the 
controller 402, of a single strobe signal that combines the 
function of the command strobe signal Cmd_Strobe With the 
function of a data strobe signal Data_Strobe facilitates the 
reduced pin count interface. Furthermore, a packet header is 
included, by the controller 402, in each primary packet pro 
vided to the data bus. Each primary packet provided to the 
data bus also includes a payload, Whose type is identi?ed by 
the packet header. Notably, in some instances, the payload is 
a secondary packet, Which is the packet that Would be trans 
ferred in a memory device arrangement having both a Cmd_ 
Strobe signal and a Data_Strobe signal. At the memory 
devices 404, the packet header decoder 506, provided as 
illustrated in FIG. 5, acts to determine Whether the secondary 
packet is a Read Data Packet or a Command and Write Data 
Packet. Dependent upon the input, the packet header decoder 
506 provides either a Cmd_Strobe signal or a Data_Strobe 
signal to delimit the secondary packet While the secondary 
packet is transferred to the traditional memory device 504. 

[0045] In operation, in vieW of FIG. 4, the controller 402 
communicates With the ?rst memory device 404A, in part, 
over a Command/Data Strobe Out (CDSO) pin and, in part, 
over a data bus (D[0:n]). The controller 402 asserts a signal on 
the CDSO pin and includes an encoded packet header at the 
beginning of that Which is to be transferred over the data bus, 
Where the encoded packet header indicates Whether the asser 
tion on the CDSO pin is to be considered to be a Command 
Strobe signal (Cmd_Strobe) or a Data Strobe signal (Data_ 
Strobe). 
[0046] As discussed, the ?rst memory device 404A may 
decode the header using the packet header decoder 506. A 
timing diagram 1000, in FIG. 10, illustrates a trace (CDSI) of 
a signal received at the CDSI pin of the ?rst memory device 
404A. At the pulse generator 606, the receipt of a rising edge 
on the CDSI pin causes the positive-edge-triggered ?ip-?op 
702 to change state on the next rising edge of the inverse 
system clock CK#. In the meantime, the combination of a 
logical HIGH on the CDSI pin and a logical HIGH on the O 
pin causes the output of the AND gate 704, i.e., the CDS_ 
strobe, to rise to a logical HIGH (see to in FIG. 10). 
[0047] The ?rst rising edge of the system clock While CDSI 
is high (see tl in FIG. 10) marks the beginning of the packet 
header and the point in time at Which the packet type is 
decoded. Also, tl—to:setup time for CDSI and D[0:n]. 
[0048] The output of the AND gate 704, i.e., the CDS_ 
strobe, remains at the logical HIGH level until the positive 
edge-triggered ?ip-?op 702 changes state, on the next rising 
edge of the inverse system clock CK# (see t2 in FIG. 10). 
While the pulse generated on the CDS_strobe line lasts for 
less than a system clock cycle, the duration of the pulse is long 
enough that the value of the packet header on the data bus 
(D[0:n]) may be recognized by the strobe generator 604. A 
discussion of the mechanism by Which the value of the packet 
header on the data bus may be recognized by the strobe 
generator 604 folloWs. 

[0049] With double-data-rate (DDR) signaling and a one 
bit data bus, one bit is transferred on each rising edge of the 
system clock and another bit is transferred on each falling 
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edge of the system clock. On an eight-bit data bus, up to 
l 6-bits may be transferred in a packet header With a one clock 
cycle duration. 
[0050] As discussed, the strobe generator 604 is the ele 
ment of the packet header decoder 506 that produces either a 
Cmd_Strobe signal or a Data_Strobe signal based on input 
from the data bus, the CDSI pin, the system clock and the 
CDS_strobe. A timing diagram 1100, in FIG. 11, illustrates a 
trace (D[0]) of the signal received from the least signi?cant 
data bus pin (D[0]) at a “D” input of the positive-edge-trig 
gered ?ip-?op 902. The positive-edge-triggered ?ip-?op 902 
also receives the system clock at a clock input, Which system 
clock is represented by a trace labeled CK. The CDS_strobe 
(trace labeled CDS_strobe) is received on an enable pin of the 
positive-edge-triggered ?ip-?op 902. 
[0051] As an alternative to arranging the receipt of the 
CDS_strobe on the enable pin of the positive-edge-triggered 
?ip-?op 902, a circuit designer could opt for a clock-gated 
?op-?op Where the clock is gated by a control signal, such as 
CDS_strobe. Some application-speci?c integrated circuits 
use the clock-gated ?op-?op approach to save poWer. 

[0052] As illustrated in FIG. 11, the receipt, at the “D” input 
of the positive-edge-triggered ?ip-?op 902, of a rising edge 
on the D[0] pin While the system clock CK is at a logical LOW 
and the enable input (CDS_strobe) is also receiving a rising 
edge (see to in FIG. 11) causes the positive-edge-triggered 
?ip-?op 902 to change state on the next rising edge of the 
system clock CK (see t 1 in FIG. 11). More particularly, at t1, 
the output Q of the positive-edge-triggered ?ip-?op 902 
sWitches from logical LOW to logical HIGH and the inverted 
output O sWitches from logical HIGH to logical LOW. 
[0053] At tl in FIG. 11, the three inputs to the command 
AND gate 904C are HIGH (Q), HIGH (CDSI) and LOW 
(inverse of CDS_strobe). Consequently, the output of the 
command AND gate 904C (Cmd_Strobe) is LOW. 
[0054] At t2 in FIG. 11, the signal on CDS_strobe transi 
tions to LOW. Accordingly, at t2, the three inputs to the 
command AND gate 904C are HIGH (Q), HIGH (CDSI) and 
HIGH (inverse of CDS_strobe). Consequently, the output of 
the command AND gate 904C (Cmd_Strobe) transitions to 
HIGH. 

[0055] At tl in FIG. 11, the three inputs to the data AND 
gate 904D are LOW (O), HIGH (CDSI) and LOW (inverse of 
CDS_strobe). Consequently, the output of the data AND gate 
904D (Data_Strobe) is LOW. 
[0056] At t2 in FIG. 11, the signal on CDS_strobe transi 
tions to LOW. Accordingly, at t3, the three inputs to the data 
AND gate 904D are LOW (O), HIGH (CDSI) and LOW 
(inverse of CDS_strobe). Consequently, the output of the data 
AND gate 904D (Data_Strobe) remains at LOW. The second 
ary packet begins (is ?rst latched) on the next rising edge of 
CK (see t3 in FIG. 11). 
[0057] A timing diagram 1200, in FIG. 12, illustrates traces 
for a Command and Write Data Packet. In particular, repre 
sentations in FIG. 12 include the system clock signal (CK), 
the inverse system clock signal (CK#), the signal on the CDSI 
pin, multiple signals on the data bus, the CDS_strobe signal, 
the Cmd_Strobe signal and the Data_Strobe signal. At to, the 
CDSI signal is asserted by the controller 102 and the CDS_ 
strobe signal is asserted by the pulse generator 606. The ?rst 
rising edge of the system clock While CDSI is high (see t 1 in 
FIG. 12) marks the beginning of the packet header and the 
point in time at Which the secondary packet type is decoded. 
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[0058] At t2, namely, the rising edge of the inverse system 
clock, the CDS_strobe signal is de-asserted by the pulse 
generator 606 and, since the packet header contained a 1 
corresponding to the presence, on the data bus, of a Command 
and Write Data Packet, the Cmd_Strobe is asserted by the 
strobe generator 604. It should be clear that the assertion of 
the CDS_strobe by the pulse generator 606 alloWs the strobe 
generator 604 to use the packet header to appropriately assert 
either the Cmd_Strobe or the Data Strobe. Notably, the Cmd_ 
Strobe remains asserted as long as CDSI is asserted, thereby 
delimiting the Command and Write Data Packet on D[0:n], 
Which Command and Write Data Packet includes a device 
address (DA), a command or Bank Address (CMD/BA), a 
?rst RoW Address (RAO), a second RoW Address (RA1) and a 
third RoW Address (RA2). The secondary packet begins (is 
?rst latched) on the next rising edge of CK (see t3 in FIG. 12). 
[0059] A timing diagram 1300, in FIG. 13, illustrates traces 
for a Read Data Packet. In particular, representations in FIG. 
13 include the system clock signal (CK), the inverse system 
clock signal (CK#), the signal on the CDSI pin, multiple 
signals on the data bus, the CDS_strobe signal, the Cmd_ 
Strobe signal and the Data_Strobe signal. At to, both the 
CDSI signal and the CDS_strobe signal are asserted. At t2, 
namely, the rising edge of the inverse system clock, the CDS_ 
strobe signal is de-asserted and, since the packet header con 
tained a 0 corresponding to a Read Data Packet, the Data 
Strobe is asserted. It should be clear that the assertion of the 
CDS_strobe by the pulse generator 606 alloWs the strobe 
generator 604 to use the packet header to appropriately assert 
either the Cmd_Strobe or the Data_Strobe. Notably, the 
Data_Strobe remains asserted as long as CDSI is asserted, 
thereby delimiting the Read Data Packet on D[0:n], Which 
Read Data Packet includes a Data Byte 0, a Data Byte 1, Data 
Byte 2, . . . , and a Data Byte 2112. 

[0060] In revieW, the information carried by the packet 
header indicates the type of the secondary packet that folloWs 
the packet header. Instead of the ?rst memory device 404A 
receiving tWo strobe signals, i.e., a Cmd_Strobe at a CSI pin 
and a Data_Strobe at a DSI pin, as illustrated in FIG. 1, the 
controller 402 in the arrangement 400 illustrated in FIG. 4 
combines the tWo strobe signals into a single strobe signal, 
Which is received by the ?rst memory device 404A at a CDSI 
pin. Concurrently With receiving an assertion on the CDSI 
pin, the ?rst memory device 404A receives, on the data bus, 
encoded information in a header that precedes normally used 
packets. The encoded information is representative of the 
information lost by the reduction in the number of strobe 
signals from tWo to one. Aspects of the present application 
relate to providing the traditional memory device 504 With 
external logic devices, represented by the strobe generator 
604 and the pulse generator 606, thereby permitting single 
strobe operation. 
[0061] The encoded information in the header indicates 
Whether the secondary packet is a Command and Write Data 
Packet or a Read Data Packet, thereby providing all the infor 
mation that Was communicated by the original tWo strobe 
signals. 
[0062] The above-described embodiments of the present 
application are intended to be examples only. Alterations, 
modi?cations and variations may be effected to the particular 
embodiments by those skilled in the art Without departing 
from the scope of the application, Which is de?ned by the 
claims appended hereto. 
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What is claimed is: 
1. A method of controlling a memory device, said method 

comprising: 
transmitting a strobe signal delimiting a primary packet; 

and 
concurrently transmitting said primary packet on a data 

bus, said primary packet including a packet header fol 
loWed by a payload, said packet header indicating a type 
to be associated With said payload. 

2. The method of claim 1 Wherein said payload is a sec 
ondary packet. 

3. The method of claim 2 Wherein saidtype to be associated 
With said secondary packet is Command and Write Data 
Packet. 

4. The method of claim 2 Wherein saidtype to be associated 
With said secondary packet is Read Data Packet. 

5. A memory device controller comprising: 
a strobe output input for transmitting a strobe signal delim 

iting a primary packet; and 
a plurality of data bus outputs for transmitting said primary 

packet on a data bus, said primary packet including a 
packet header folloWed by a payload, said packet header 
indicating a type to be associated With said payload 

6. A computer readable medium containing computer-ex 
ecutable instructions that, When performed by a memory 
device controller, cause said memory device controller to: 

transmit a strobe signal delimiting a primary packet; and 
transmit said primary packet on a data bus, said primary 
packet including a packet header followed by a payload, 
said packet header indicating a type to be associated With 
said payload. 

7. A memory device comprising: 
an internal memory device including: 

a plurality of data bus inputs for receiving a signal on a 
data bus; 

a ?rst strobe input for receiving a ?rst strobe signal 
indicating that said signal on said data bus relates to a 
?rst type of packet; and 

a second strobe input for receiving a second strobe signal 
indicating that said signal on said data bus relates to a 
second type of packet; and 

a packet header decoder including: 
a clock input for receiving a system clock signal; 
an inverse clock input for receiving an inverse system 

clock signal; 
a data bus input for receiving a portion of said signal on 

said data bus; 
a third strobe input for receiving a third strobe signal; 
a pulse generator for generating a fourth strobe signal 

based on said inverse system clock signal and said 
third strobe signal; and 

a strobe generator for generating one of said ?rst strobe 
signal and said second strobe signal based on: 
said system clock signal; 
said portion of said signal on said data bus; and 
said fourth strobe signal. 

8. The memory device of claim 7 Wherein said pulse gen 
erator comprises: 

a positive-edge-triggered ?ip-?op for: 
receiving said inverse system clock signal at a clock 

input and said third strobe signal at a D input; and 
generating an output signal and an inverse output signal; 

and 
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a logic circuit for producing said fourth strobe signal based 
on said inverse output signal and said third strobe signal. 

9. The memory device of claim 8 Wherein said logic circuit 
for producing said fourth strobe signal is arranged to perform 
a logical AND operation. 

10. The memory device of claim 7 Wherein said pulse 
generator comprises: 

a negative-edge-triggered ?ip-?op for: 
receiving said system clock signal at a clock input and 

said third strobe signal at a D input; and 
generating an output signal and an inverse output signal; 

a logic circuit for producing said fourth strobe signal based 
on said inverse output signal and said third strobe signal. 

11. The memory device of claim 10 Wherein said logic gate 
for producing said fourth strobe signal is arranged to perform 
a logical AND operation. 

12. The memory device of claim 7 Wherein said strobe 
generator comprises: 

a positive-edge-triggered ?ip-?op for: 
receiving said system clock signal at a clock input, said 

portion of said signal on said data bus at a D input and 
said fourth strobe signal at an enable input; and 

generating an output signal and an inverse output signal; 
a ?rst logic circuit for producing said ?rst strobe signal 

based on said output signal, said third strobe signal and 
an inverse of said fourth strobe signal. 

13. The memory device of claim 12 Wherein said ?rst logic 
gate for producing said ?rst strobe signal is arranged to per 
form a logical AND operation. 

14. The memory device of claim 12 further comprising a 
second logic circuit for producing said second strobe signal 
based on said inverse output signal, said third strobe signal 
and an inverse of said fourth strobe signal. 

15. The memory device of claim 14 Wherein said second 
logic circuit for producing said second strobe signal is 
arranged to perform a logical AND operation. 

16. The memory device of claim 7 Wherein said ?rst type of 
packet is a Command and Write Data Packet. 

17. The memory device of claim 7 Wherein said second 
type of packet is a Read Data Packet. 
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18. A memory arrangement comprising: 
a memory controller including: 

a strobe output for transmitting a third strobe signal 
delimiting a primary packet; and 

a plurality of data bus outputs for transmitting said pri 
mary packet on a data bus, said primary packet includ 
ing a packet header folloWed by a payload, said packet 
header indicating a type to be associated With said 
payload; and 

a memory device comprising: 
an internal memory device including: 

a plurality of data bus inputs for receiving said pri 
mary packet on said data bus; 

a ?rst strobe input for receiving a ?rst strobe signal 
indicating that said signal on said data bus relates to 
a ?rst type of packet; and 

a second strobe input for receiving a second strobe 
signal indicating that said signal on said data bus 
relates to a second type of packet; and 

a packet header decoder including: 
a clock input for receiving a system clock signal; 
an inverse clock input for receiving an inverse system 

clock signal; 
a data bus input for receiving a portion of said primary 

packet on said data bus; 
a third strobe input for receiving said third strobe 

signal; 
a pulse generator for generating a fourth strobe signal 

based on said inverse system clock signal and said 
third strobe signal; and 

a strobe generator for generating one of said ?rst 
strobe signal and said second strobe signal based 
on: 

said system clock signal; 
said portion of said primary packet on said data bus; 

and 
said fourth strobe signal. 

19. The memory arrangement of claim 18 Wherein said ?rst 
type of packet is a Command and Write Data Packet. 

20. The memory arrangement of claim 18 Wherein said 
second type of packet is a Read Data Packet. 

* * * * * 


